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Nowadays the Computer Aided Engineering (CAE) technique is widely used for improving Noise 
Vibration Harshness (NVH) performance of vehicles. High complexities in the Body In White (BIW) of 
vehicles lead the developed CAE models to become complex by which the optimization process will 
become very hard. Concept modeling could be a suitable replacement to overcome the mentioned 
limitations. Dynamic characteristics such as natural frequencies and mode shapes could be studied in 
the early phase of design with very low amount of calculations with the concept model. For this 
purpose, a developed concept model has been presented for the wheelhouse. The developed concept 
model uses approximated equivalent beam elements to model the beam like and panels of the structures. 
Also, the experimental test and numerical model have been utilized for the validation of the developed 
concept model.  Two criteria of natural frequencies and corresponding mode shapes have been 
considered as the measure of validation. The results showed good correlation with corresponding 
advanced CAE models as well as experimental tests in low frequency range. The results showed that the 
developed concept model in this research is a powerful and effective tool to enhance and optimize the 
NVH performance of the vehicle in the early stage of design. 
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Fig. 1 Set up of test 

1   

 
Fig. 2 The Chart of frequency response function measured at 
one of the point of the structure 

2   

4- Frequency Response Function(FRF) 

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

12
.1

.9
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
25

-0
4-

03
 ]

 

                               3 / 8

https://dorl.net/dor/20.1001.1.10275940.1394.15.12.1.9
https://mme.modares.ac.ir/article-15-495-en.html


    

    

  

282  13941512  

 -
 .

-

  

3- 
  .

  
1     . 

10.61 .  
    

1    . 8 
  2 3  

 PSHELL  .
3   

  .
   ) 

co2 (RBE  3  
RBE  2  .

249 23 
4  

 .  -

 . 

 
  

4 -  
    

   
 .  

      

1          
   

Table  1 The characteristics of the material used for the metal 
components conceptual finite element models 

  

  

     
  ( )  GPa(N/M2)210  mN/mm2 8e1.2  
  ( )  0.3  0.3  
 ( )  kg/M78000  6- e7.8kg/mm

  

1- Shell 
2- Trias 
3- Quads 

  
Fig. 3 A view of meshing structure
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Fig. 4 A view of the points and welding lines of structure  
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Fig.  5 A concept model for the front rail (a) before simplification (b) 
after simplification 
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Fig. 6 The final concept model of wheelhouse  
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Table 2 The information about finite element advanced model 

  
    22629  

  272  
     kg6.10  

    Min20.1  
  

 3        
 Table 3 The information about finite element concept model  

 321
27
33

kg7.10  
    sec6  

  

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

12
.1

.9
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
25

-0
4-

03
 ]

 

                               5 / 8

https://dorl.net/dor/20.1001.1.10275940.1394.15.12.1.9
https://mme.modares.ac.ir/article-15-495-en.html


    

    

  

284  13941512  

  .         100   
             
         . 

4  . 
MAC 4  .
MAC   

 .2  3   
 

 . 
   -

  
     .

    

 
 .

 .

 .

 .

  
         .

           
            

    . 5        -
            

  .     5      
            

 .4   %
    

         
             
             

4 4 
  

Table 4 Comparison of dynamic properties for advanced mode 
and experimental model for the 4 first mode 
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Table 5 Comparison of dynamic properties for advanced model 
and conceptual model for the 4 first mode 
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Fig.  7 Comparison of the first four modes of advanced model and concept model (a) the first mode shape of concept model (b) the 
first mode shape of advanced model (c) the second mode shape of concept model (d) the second mode shape of advanced model (e) 
the third mode shape of concept model (f) the third mode shape of advanced model (g) the forth mode shape of concept model (h) the 
forth mode shape of advanced model 
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